Harvard Forest (42ø32 ' N, 72ø11' W) are reported for January through December 1993, along with inferred whole-ecosystem emission rates for ethene, propene, and 1-butene. Emissions were calculated using a micrometeorological technique where the ratio of observed CO2 fluxes and gradients were multiplied by the observed hydrocarbon gradients. Average 
Introduction
Ozone concentrations in the northeastern United States are believed to be sensitive to emission rates of biogenic nonmethane hydrocarbons (NMHC) [Fehsenfeld et al., 1992;  birch contributed 2.0, 1.0, 0.5, and 0.5, respectively) in 1992, as measured by collecting leaves in litter traps surrounding the tower. The terrain is moderately hilly (relief --30 m), but there is no evidence of anomalous flow patterns that would make eddy-flux measurements at this site unrepresentative [Moore et at., 1996] 
where K is the exchange coefficient for the averaging interval. Denmead and Bradley [1985] reported that K (as defined above) for sensible heat and water vapor were nearly identical above a 40-year-old pine forest canopy. In this paper we compute K using measurements of flux from eddy correlation observations along with observed concentration gradients for CO2, H20, and sensible heat and take the product with the hydrocarbon gradient to define the hydrocarbon flux. The hydrocarbon fluxes derived using similarity with different quantities are in generally good agreement as discussed below. The measurement system could operate continuously and unattended for more than 2 weeks, although data were normally downloaded at 6-day intervals. Concentrations were determined using relative response factors [Ackman, 1964 [Ackman, , 1968 Dietz, 1967] referenced to an internal neohexane standard (Scott-Martin, National Institute of Standards and Technology traceable +2%) added to every sample by dynamic dilution. The accuracy of the system was estimated to be better than +18% for hexane and for hydrocarbons eluting before hexane, based on the cumulative uncertainty of the neohexane standard, measurements of standard addition flows, the integrity of individual compounds in the sampling and analysis process, and relative response factors. Measurement precision was approximately 3% at 1 ppbv, 5% at 0.5 ppbv, 10% at 0.2 ppbv, and 20% for concentrations less than 0.1 parts per billion by volume (ppbv), as determined by the variance between measurements taken from the same level every fifth injection. The detection limit for these compounds was approximately 0.01 ppbv.
Measurements
Compounds eluting after hexane (including isoprene, hexenes, benzene, and toluene) suffered systematic losses in the analytical system. Standard additions of isoprene to air samples showed that isoprene recovery was linearly dependent on the amount of water vapor in the air and nonlinearly dependent on the amount of isoprene added (recovery decreased with decreasing concentration). Isoprene data could not be corrected reliably, and the system was changed in 1995 to eliminate isoprene losses in the trap. Gradients for concentrations of CO2 and H20, and for air temperature, were measured simultaneously with the hydrocarbon gradients. Concentration differences for CO2 and H20 were measured using a differential infrared gas Temperature gradients were measured using copperconstantin bare fine wire thermocouples (44 gage), placed 1 m south of the tower at both 29 and 24 m. Significant radiation loading occurred during the daytime, making the differences between two thermocouples at the same level similar in magnitude to the temperature gradient between the levels (0.1 øC-0.2øC). The temperature measurements worked well at night (1700 to 0800 LT), with the standard deviation between two thermocouples at the same level of 0.04øC, compared to standard deviations of 0.12 øC during the daytime (0800 to 1700 LT). Accurate gradients could be measured over Harvard Forest for CO2 more often than for temperature or H20 owing to radiation loading on the thermocouples and to the wetting of sample inlet filters. Therefore hydrocarbon fluxes reported here were calculated using similarity with CO2.
Approximately 9000 pairs of measurements were made for each hydrocarbon compound, more than 75% of all 45 min intervals during the 12 months of data reported here. Gaps in the data occurred during the summer of 1993 owing to a lightning strike which disabled the sonic anemometer (August 9-September 7), a broken gas chromatographic capillary 
where F is flux, g is gradient, and hc and c refer to hydrocarbon and CO2, respectively. Assuming that errors in Fc, ghc, and gc are random and independent, the absolute standard deviation (•) for a determination of Fhc can be calculated from [Skoog, 1985] CO2 flux and gradient measurements should not exceed 20% for midday summer fluxes. The largest potential for systematic error in the hydrocarbon gradient is most likely associated with the NULL gradient correction. The existence of nonzero NULL gradients appears to reflect memory in the tubing, and frequent measurements of the NULL gradient are crucial to correct for both these memory effects and for any systematic differences between the dual analysis systems. We have tried to minimize systematic errors by carefully correcting for nonzero NULL gradients. Mean daytime (1000 to 1500 LT, June 1 to October 31) hydrocarbon gradients were 0.045, 0.024, and 0.012 ppbv, including mean NULL gradient corrections of-0.014, -0.005, and 0.000 ppbv, for ethene, propene, and 1-butene, respectively. The maximum systematic error due to the NULL gradient corrections is therefore 30% for midday mean summer fluxes, based on the ratio of the NULL gradient correction to the corrected gradient. The total systematic error associated with the mean daytime hydrocarbon fluxes should not exceed 50%, and our analysis suggests that it may be considerably smaller (-20%).
Results and Discussion
First, we provide evidence from several different sets of observations for summertime biogenic emissions of ethene, propene, and 1-butene. Next, we examine diurnal flux cycles and evaluate which environmental forcing factors are most important. Finally, we assess the significance of biogenic emissions of these olefins, comparing the observed fluxes to those reported for regional anthropogenic sources. between the levels (24-29 m), and the NULL gradient (every fifth run) (Figures 5a-5d ) reveals striking patterns (corrected gradient is raw minus NULL). Significant excess concentrations at the lower inlet were observed during the day for ethene, propene, and 1-butene, with much smaller gradients at night; corresponding diurnal cycles were observed in the mean concentrations.
Gradients were not observed for any C2 -C6 alkanes or for acetylene, indicating that these species were not emitted from the forest in observable quantity. The raw and NULL gradients for hexane are indistinguishable and essentially zero. The NULL gradients for l-butene, propene, and ethene are measurable, correlating with the mean concentration. As discussed above, nonzero NULL gradients appear to reflect memory by the tubing, and we have tried to minimize systematic errors by carefully correcting for nonzero NULL gradients Fluxes of ethene, propene, and l-butene during the growing season (June 1 to October 31, 1993) more closely followed the diurnal pattern of incident photosynthetically Soil processes were probably negligible sources of ethene, propene, and l-butene. If the olefins were coming from the soil, we would expect their emissions to be correlated with soil temperature and to continue at night. We observe large vertical concentration gradients above the forest at night for CO2, especially during stable mixing conditions, but not for the olefins.
The nighttime gradient in CO2 results predominantly from soil emissions. Hence we conclude olefin emissions from soils were not significant. 
